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iscussion of the general sublect of using artificial earth orbiting
as brecadecast stations is an intriguing one, and is by no means new.

was the missicn envisioned by Arthur C. ClarX in his original pape
rresirial releys which apnacred in tha literaiture in 1645 Since then,
has boun widoly discussed by many authers. While the concept of direct
ng 1s nov 20 years o0ld, 1t is only recentily thz2it space tcchnolozy hes
o a pcint where 1% 1s practiecadbl .e Lo consider the ceveilopment of such
s within the foreseeadble future
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2. A purzose of this papar 1s to discuss the technical possibilities for pro-
viding radio and television services via satellites to conventlonal home receivers
and to specially desipgned receivers which might be used for specifie information
distribution syctems whiczh my be applicable to the reguirements of the educational
services with which thls meeting.is primarily conceraed.

(TLIUSTRATION 1)

3. Th2 flrst thing to do i3 cefine broadecast zatellita. By direct broadecast, we
mean that an earth station transmitter would transmit program raterial to a satel-
lite, which would amplify the received signal and reiransmit it direct to individual
home radio or television receivers., Setellites from which the progrem matorial

is received by meore elaborate receiving equiprmont than the current commercially
available home rsccivers are called distribution satellites., Just to complete the
definitions, we refer to the current commuinication satellites - which require
reception by very complex ground equiprent from whien program material must be
‘subzequently delivered to the consumer via wire or rebroadecast, by conventional
local transmitters - as point-to~point satellites,

b, In discussing the various possibilities, television broadecasting will be dis-
cussed firsi because it 15 what most pcople think abovi, Voice broadcast satellites
will be discussed later. We normzlly znd quite naturally would prefer being able

to receive %elevizion program material on recelvers comparable to our existing home
television receiverz, Not only on our exlsting receivers, but we would zlso like

to receive with simple =2ntennas or at least no more than listeners are now generally
accustomed to use with tholr receivers. A direct broadcast satellite will have to
rediate a great cezl of power 5o that the signals it retransmits to home receivers
will be strong enough to be picked up By such conventionad recelver antenna in-
sta*lation.

5. Thers have been a great range of estimates of the kind of power such a service
reguires; and I will try to expialn way this is. Besically there ere two reasons;

Lie accertanility of a television piciure containing various levels of noise or
interference or distortion is a highly subjective quantity. “Thae quality of picture
reguired of a porvicular service, in addition to being a subjective consideration,
is truly a veriable, Certainly the qualiiy of pleture requir:i te convey element-
ary instructicn cen be congiderably different from that regui ted to convey the
intricacies of mediczl surgery, for example. Picture quality as I shall show is
exiremely expensive.

(ILIUSTRATION 2)

CT/EE5.45,/50.30 7 Ws)
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6. To 1llustrate this point, we show hcre a cat rization
relatad to Sﬂgnal to nolse ratics developed by th
Organlzatlorz ) (TASO)

of quality of service
elevision Allocation Stucdy

v%o

Of the six grades of service shovm, you seldom get Grade 1 sarvice or "excel-
lant" picture quality. Usually Grade 2 classified "fine" service is the kind of
servlice usvally realized in urbdan aroa . It is considered by many listeners to be
more *“han necessary. Grade 3 or the chmable” scrvice for rural areas mey be
accepiadle for nany asplications. Note the wide differences in the signal to nolsa
required among the various grzdes, The decibel is a logarithmic scale so that every
3 decibels is a doubling of thz power requirements.

(ILLUSTRATICN 3)

T. Class I service ceznnot be provided to current grade home receivers, without

an outcoor antenna, evon with the largest space power supplies now being considered,
A 35 kilowatt nuclear reactor 1s the largest one currently under development. Grade
2 service can be provided for an area of approximately 1 million scuare miles if

we assume a reasonable sizsd antenna of the "fring-area” type on rooftops looking
up at the satellite, The nuclear reacior or equivalent solar power capability, and
Saturn-sized boosters would have to be used to place such a capability in space.

If the receiver and antennz 1s augmented with a good preamplifier stage, the space
power reguired to provide the same grade of service can be reduced by a fector of 3.
It should be further noted that the toechnolozy for required large space erectable
antennas and the carability to point it to sa2lected larnd masses 1s also required
and these technologles elthough repicly being developad have not been demonsirated
to date.

8. This brings me to the second resason for the wide range of estimates o. power
and satellite size required for televisicn broadeasting, and that is the cdegree
to which one departs from the conventional receiver and increases the costs of the
receiver installation, It will be pointed out that the degree of difficulty of th
space segment is largel y deﬂe dent on the character end sophistication of ground
equipment used for rece ng trancmissions from a broadcast satellite, In view of
the recant tremendous vechnological progress in recelver components, it became
desirable that these advances be considered in our deliberations on space tele-
casting. We are now making a comparative analysis of the cost of various combina-
tlons of ground receiving equipment that we might releste to satellite effective
radiated power and size.

(ILTUSTRATION 4)

9. On the screen is our current crude estimate of this relationship, (As men-
tioned we are at this time attenpting to refine these costs). The area on the
left refers to large exnensive ground teririnals capable of receiving from low
powered satellites of the RELAY and SYNCOM class., The performance of any

(1) TASO is en organization establisted by the U,S. television irdustry for the
purpose of conducting a study of "the technical principles which should be applied
in television channel allocation", in response to the Federal Communications Comr-
mission's request which wes issued on 31 August 1956 in Public Notice 35638,

T8/ 0315/, 30 (HE)
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commn’cation system is basicallv limited by thc amoant of nolses present. RELAY,
TELSTAR and *he Corrmunication Sutellite Corporation's "Early Bird" satellite
derive relatively srall amounts of power fror salar cells and batteries and the
snacecraft antennas provide re;at;vely low gnin., This mzons that the effective
radizted pover from cuch satellites is guite low - in the order of tens of watts,
As a resuls, the signals trensmitted from these satellites are very weaX by the
time they reach the ecrth, and 2s a conscguence large, expensive ground terminals
are reguired to nizk uw the signals. The right hand areas repressnts the costis
of conventicn>l home raceivers which could only be used in conjuiction with mega-
watt range satellites, The center area illustrates that between the two extremes
there is a large area for compromise where ground receivers of reasonable complex-
ity coulé be made to work,

1C¢. We feel tha* the results of comparative analysls of receiver costs wi’l pro-
vide the kxind of infermation we need to permit optirum spacecraft size-to-ground
recelvar trade~o~fs to be made for each particular epdlication.

11. There are a numver of interest 1ng anproaches to space television broadcasting.
The ones which offers the earlizsst possiblliity of development arz in the distribu-~
tion satellite aresa,

12. As I have indiceated there is a broad area of technical possibillities if an
increase in comnlexity and cost of tre gro“nd TV receiver is eallowed, For example,
if one would permit tha deslign of a new raceiver, making use of freguency modula-

ion techniques inztead of amplitule modulation techniques, and pernit the use of
en antenna connected to the rec2iver - thon the following could be done,

Reduce the size and weight of the spacecraft thereby permitting the use of
proven lower cost lavach vahiele combinations ’

Reduce the complexity of the spacecraft thereby making possible the use of
technelogy which has either been flight proven or which is already in an
advanced state of develorment.

Substentially reduce the amount of space power required, and provide higher
quality reception.

equired for establishing an operational capa-

Reduce the developrent tine
factor of 2,

bility by as much a3 a
(IZLUSTRATION 5)

13. For example, one spacecraft design concept would be basically an outgrowth
of our current Arplicztion Technology Satellites (ATS) which utilizes zn expanded
cylincdrical solar cell zrray to inereasé avallsble solar power with minimal weight
increase, In Muy of =his year, Yuszhes Aircraft submniited a proposal to us for
sucH a distridbuticn satellite ccnecept.

14, An artist's concenilon of tnis szatellits is shovm on the screen, wlith SYNCOM ITI
and our Aprriicaticns TQC?WO*OOJ Satecllite, ATS-B alongside for size compariscn, The
spacecraft dssigr . ally an ATS which utilizes an expandecd cvl-ndr‘ cal solar
¢2ll array, 9 2

cot Qlazeter x 6 foot tall, tc increase the availadle power, without
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weight increase, The spacscraft weighs the same as current ATS spacecraft -

1,550 pcunds, and would utilize thre same launch vehicle and kick motor to place

i+t into 2 geosteticnary ordit. The reguired v powsar would be cobtained by driving
each of the sixte=an elements of ithe antenna with a scpeirate traveling wave tube
amplifier.

15. n this approach, all of the rajor sracecraft sub-systems are elither identical
with or derived from ATS, and no mejor technoleglcal breakthroughs or long-term
develozments are required for 1ts accomplishment.

16. Wwith 10 kilowatts of effective radiated power from the s~tellite, use of
frequency mocduletion on the down link, and a low nolse preamplifler, it 1s possible
to use a 6 foot receiving entenna attached to the receiver,

(ILILUSTRATION 6)

17. Arnother spacecraft cesign concept which would use the same size ground
receiver would utilize a large rointable antenna. This approach would minimize
the electronic complexity of the spacecraft considerably, but would entaill the
development of large aperture antenna techniques for space, For exampls, the same
amount of effective radiated power could be achieved, but using a sinzle 10 wati
transmitter aplifier tube instead of the sixteen traveling wave tube amplifiers
needzd in <he first design c¢concept. The 4radeoffs in terms of cost and reliabil-
ity of these plus other approaches must be studied in detall belore cholces can
be made as to which type of spacecraft is optimum,

Shi
ar

18. In the reloted field of direct radio broadcast, NASA hes been examining the
technical aspects of such satellites, We have recently requested the U.S. industry
to submit proposals for a study of th2 feasibility of satellites capable of broac-
casting directly to conventional home FM radios and/or shortwave radios. At the
outset, we were only giving consiceration to a FM broadcast satellite because of
the difficul“y and vagaries of transmitting through the ionosphesre,

(TLLUSTRATION 7)

19. Two sets of conditions are shown on the screen. On the left, are the earth
coverage petierns for transmission through the ionosphere under normal conditicns.
The patterns arply to the freguencies noted on lines delineating coverage on
earth. On the right, the coverage 1s ruch reducec due to the poor quality of the
transmission media. However, since this characteristic deserves more study, we
have inclucded shortwave broadcasting in our feasibility studies.

20. The space power required for voice broadcasting is substantially less than
that needed for direct TV. Anproximately 3 to 5 kilowatts of prime power would

be required to provide suficiently strong signals, on a cleear channel basls, for
reception by ccnventional radios equipped with currently available outdoor antennas,

(TLLUSTRATION 8)

21. Vhen coasidering space broadcast systems, one must determine which are the
] - 2 .

optiTum or2tts for such satellites., There are e variety of possible orbits for

+nese sotelli-e srysterms, Hub the desirediliiy of relatively simple receiving
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antennas for home recedtlon, and of uninterrunted trocdcasting at the most desirable
listening or viewing times, Just about preclude serious consideration of all hut
g=ationary s2tellites using thie synchronous orbit, 22,300 miles ebove the esrth,
Jovier than svnchrenous orbli zztellites would not only require complex recelving
anter.12s on the rcof mHAch would have to 2 capable of Lracxing dlfferent satellites,
but the satellite g"ound ansmitters would e more complex as well, Alsdo, the
number of lLow al*itu sata Jites that would be nezded to insure uninterruzted
broadcasting woul p“o,ablj Xe the cost of suzh a system nrohibitive or if only

a few were used, the availao;;ity of gervice would be less than 1035 of the tirme.

22. VNore than a third of the surface cf the ecrth would be visible frem a single
stationary satellite. This would permit the use of fixed antennas at home receiv-
ers, and at earth statfons used to trensmit programs to the breadcast satellite
over wide gecographic areas.

)

23. Another factor associated with sSpace telecasting from the synchronocus ovrbit
is that signal fading usually att?novtcd to motion through antenna lobes or to
mltipath propagation 13 cﬁ‘vﬂtial'y eliminatod., The relatively high engle of
arrival ard unifornmity of signal sirength for the space system, over most of the )
coverage areza, greatly reduces the allowances for signal degradstion in convention-
al brocdcasting systiems dus to factors such as reflection or terrain abscrption
and man-nmzde noise,

(ILIUSTRATION 9)

24. Tnasmuch as the space power reguirements are so large to broadecast dirsctly
to home receivers on a hamlispheric basis, transmission to selected land masses are
in ordar to effect & great reduztlon in space power., Three lencd masses are en-
circled on the acreen, represanting the anterna patterns from satellite in the geo-
stationzry orbit., For exzample, a 30 foot diameter antenna operating in UHF broad-
cast band would provide e coverage siown ’or India. A broadcest sa+e111ue in a
stationary orbit could continucusly point its anterna to the selected land mass to
which trensmissions are belng sent. It is ne”allj accepied that the afore-
mentioned advantages of the synchronous o“b ¢ for broadcast satellites outweigh
preblems of providing a larger weight- lifting capability, and a higher trensmitting
power capability.

25, At the 10th Plenary Assembly of the CCIE, held at Geneva in February 19563,
t.i@ CCIR agreed to study the feasibility of direct sound and televisicn broadcast-
1ng from satellites, inciuding the question of what frequency bands would be tech-
nically suilteble for such broadcasting, and whether these bands cculd be shared
with terrestrial services,

26. The Extreordinary Administrative Padio Conference (EARC) wes convened in
October 1953 to allccate frequencies for space use. The EARC macde extensive allo-
cat.ons for comrunications satellites in bands already allocated for terrestrial
point-to-point service, and establishad detuiled criteria for the sharing of these
frequencies betw.2n the terrestrial andé srace broadecasting, but recommended that
the CCIR expadlte 1:s stuldics on the Leasiol’ity of broeadcasting from sauc-lites

The EARC d*d acopt a definiticon ;or the "broadcasting satellite service", from
which one czn iner that the y exXpect such a service to come inte being.
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asting takes plece In a number of
ng ailocations 2bove about 20 me, are
) If paris of these existing

27. B8s you were well aware, terrestrial broadces
frecusier bands beslow 1,000 me, Br t
pocent:aily suitable for spzce broades 1

€llocations were to be =et aside for .s%ing on an exclusive basis,
there would be no sharing preblem - but exlsting a allocations ruse be shared
becween terrcstrial and space broadcasting, thea sharing critzria wust bz estab-
lishad so that neither service interferes uncduly with the other A nutber of
detailed studies on this subject have toen perforced in the United States, in par-
ticular by Mr., Haviland of the Genersl Elcciric Company, and some resultis cof this
work have been proposed for inclusion in CCIR reports.

28. Even thouzh there are no international space broadecasting allocations as such,
it i1s possible for a rnetional adminisiratlon to employ space broadcasting, under
17U regulations which provide that 2llncated bands con be used for other purposes

provided that no harmful interference be caused to the "authorized" services,
Another regulation provides that two or more rembers of the Union may conclude
speclal agreements regarcding sub-allocation of frequenciles

Satellites for progran distribution wculd probably not operate in the bands
allocated for direct broadcasting.

29. In consicdering where they might operate, frequency-wise, one might meke a
distinction between an educational distribution system and a commercial program
distribution system.

30, Tor example, 1t might be nossible for an educational system to share frequen-
clies now used for links beitween a studio and its trensmitting station. In general,
when frequency allocations for similar terrestrial services do not already exist,
the problem of finding suitable fregucncles is more difficult but when they do,
extrapolation to space is an appropriate consiceration,

31. In summary although therzs are not now frequency allocations for these services,
there is no reason to bellisve that with wise plenning in the immediate future, and
by recognizing that there may be a different availability of the spectrum in différ-
ent geographic areas it should te possible to accommodate these services,

SUMMARY

32. DPefore closing, I want to give you our estimates of what will be resulred to
transmis television and vecice or aural program material from spacebermne transmitters
directly to conventionzl home receivers in terms of space power, size and time scale.
Requirements will also be given for distribution satellitess plus our estimates of. °
ground receiving equipment costs. These estimates are based on setellites in a
geostationary orbit, and for direct TV and Fil redio satellites a 30-foot parabolic
antenna on the sracecraft is assumed. For dirsct TV, the area of coverage would be
approximately 1 million square miles. '
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36.

Lo,

Direct TV to a conventleral UHT reeniver egu .

antenra wou'l require a ransmi-cter pow:r of
provice Grie 1 service. 65 kitowakis s re
entenna 1s used; anad 1. kilowestz 4f a y0od
acded,

Soer Grade 2 service 100 kllowatss Zs require
% kilowatts 1f a fringe area-tyne antenna is
wransmitter power 1f a goed vreamplifier is

Jor Grade 3 service, the transmitter power J
by a factor of L.

420

satellite capable of providing TASO Crade
.)'.

He D >

2
s about tl. one decade or more.

¥l 1tth e folded Jdinnie
ne irewatt in o-3s1 to
uinsr it a fringe area
trixi: stor preampl Tier 1.

< for a dipole antennaj;
used; a=d 1,87 watts
woded,

ust enumerated is reduced

1 service would require

turn-typc boostars and the tine <o develop the space powar technology

If Grade 2 service is provided, and fringe area-tyre antennas were used,

the time scale could be cut in half,

Smaller lavrich vehicles could be usad for a
ing Grade 3 service. The time scale might b
area antenn..s were usad,

ratellite capahle of provid-
2 rec.a ed somewhat 1f fringe

For distribution-type TV satellites, Atlas-Agena-type launch vehlcles
could be used to place eprroximately a 1,500 pourd satellite in orbit.

Since such a satellite would make maxirum us
is estirated that 3 years would be required

e of today's technology, it
to date of first launch,

As pointed out earlier, a rew recziver meking use of freguency modulsation
techniques and a O-foot diancter antenna wold be used to provids

Crade 1 service to users, Cosi estlimzaies for the receoiving equivpment
ranges from $i0,700 for cuantitics of 100 or slightly more to be“ween
$1,000 and $3,000 for quantities in excess of $10,000. It should be

remembared that we zre still in the process

of cenducting comparative

cost analysis for virious kinds of ground receilving equipments in the
TV broadcas* area, Therefore, you should treat these cost figures as

gross estinates at this Lime,

For direct wolce broadecast satellites the transmitier power reguirements
are of the orcder of 1 to 3 kilcwatts., The variation in power takes into
account the range of sophistlicaticn of typical home installation;

namely, the wide variation of sensitivity of
types, if ary, of anteines enccuntered., The

the reccivars and different
estimates of spacecraft

welght range from 2,007 to 3,00 rounds. Currently available toosters

can bz used to place ¢ voice breadecast satel
coveraga has besn ass mad for these satellit
years is required to develop a satellite of

lite in orbit, Hemispheriec
es. Again, a minimwm of 3
this general magnitude,

L1, A1l that has been talked sbout is a capebility for providing a single charnel,

and without benefi: of specific users' needs in terms of number of channels required
and quality of piecture. Should *the user requirements
the job becomes rmore difficult and obviously larger spacecraft would be recuired

C8/1255.15/172.50{»3)

be more than one charnel, then
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than I have assumed in my esiimates. On the othezr hand, if the piciture quality
requirements fer educational purpcses is considerably in excess of currently
accepiable stendards for ccunercial "wrﬁoses, or if th2y can be relaxeld, as we
heve nointed cut, this would have ncirdaravie bearing on the cost, size and time
requirad for spacecvraft devolcpmanu.

4. Tt should be noted thet the time scales we have talked about apply to a logi=-
cal and techn’cally sound pregzram plan for the development of such useful capebili-
tles in space. We rezegnisz 1t would be possible to provide merely cdemonsire-
tions of television and woice broadcasting from space on perheps an carller tine
scale. Put i each step is to contribute to the ultimate goal of practical availa-
bility of such capabilitles, we feel that the time scales menticned are realistic.

\D
ct f
=
O]
¢t

43, In conclusion, I would likxe to say that we are optimistic concerning the rete
of technolozical developmen® in these and related areas. In point-to-point comrmani-
cations sateliites, in a zeriod of less than 5 years, the required space technology
for orerational point-to-point communications satellites was developed. This is
clearly evidenced by the Communications Satellite Corpcration's Early Bird satellite,
Substantial advances have been made in large boosters and in space power sources,
NASA's Pegasus satellite clearly demonstrated the technical feasibllity of deploying
large nenels for micrometeorite detection. Similer techniques might be used for
deploying the lerge solar cell a rrcys reguired for direct broadcast satellites.

While a good deal of technology remalns to be demonstrated in space and there are
rany policy feterminations which need tc be mace prior to the launching of any
broadcasting satellite, we are very encouragel by the progress being mede in
technology which can be applied to broadcast satellites for any purpose,

»,
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